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ScienHfic	ObjecHves	
•  Detect	or	place	limits	on	the	energy	scale	of	

inflaHon	
•  Determine	the	number	of	light	relic	parHcles,	Neff		
•  Constrain		Σmν,	the	sum	of	neutrino	masses	to	15	

meV	
•  Measure	τ,	the	Thompson	scaXering	opHcal	depth	

to	reionizaHon	to	cosmic	variance	limits	
•  Understand	the	role	of	GalacHc	magneHc	fields	in	

star	formaHon	and	galacHc	evoluHon	
•  …	clusters,	infrared	galaxies,	SZ	effect,	…	?	

background	

Instrument	
•  70	Hmes	the	polarizaHon	sensiHvity	of	Planck	
•  21	bands	from	20	GHz	to	800	GHz	
•  12,356	polarizaHon	sensiHve	TES	bolometers	
•  1’	resoluHon	at	800	GHz		
•  Full-sky	coverage	
•  Mulitplexed	readout,	

•  FDM:		x100	per	pair	of	wires	
•  TDM:	128	rows,	100	columns	

•  Launch	vehicle	is	a	Falcon	9,	4.6	meter	fairing	
•  Precession	and	spin	based	scan	strategy	from	L2	

with	α	=	30°,	β	=	65°	Noise	AssumpHons	
•  Mirrors	at	40K,	4K,	emissivity,	
•  AcHve	cooling	of	stop	and	secondary	
•  Stop	at	4K	
•  FDM/TDM	readout	system,	>	x100	mulHplexing	
•  Lens	coupled	broadband	mulHchroic	pixels	
•  100	mK	bath	
•  Psat	=	2x	Pload	
•  4	year	mission	at	95	%	observing	efficiency	
•  Orbit	at	L2	
•  White	noise:	photon,	phonon,	readout,	Johnson	
•  Details.	.	.	.	

Op,cal	Design	

•  1.4	m	Open	Dragone,	corrected	to	reduce	coma	[1]	
•  18	x	12	degree	field	of	view	
•  f/1.42	system	gives	compact	focal	plane	
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Alterna,ve	Design	Considered	

Pixel	
Type	

Upper	
Frequency	
(GHz)	

Number	

A	 48.6	 68	
B	 58.3	 108	
C	 145	 360	
D	 174	 450	
E	 433	 546	
F	 520	 408	
G	 624	 135	
H	 749	 132	
I	 899	 91	

Summary	
With	70	Hmes	the	polarizaHon	sensiHvity	of	Planck,	
PICO	will	provide		the	next	generaHon	of	full	sky	mm-
wave	observaHons.		These	data	will	allow	the	
astronomical	community	to	understand	the	universe	
across	many	scales	from	inflaHon	and	the	growth	of	
structure	to	galaxy	evoluHon	and	star	formaHon.	

ScienHfic	ObservaHons	
•  Measure	or	set	upper	limits	on	primordial	B-modes	

with	σ(r)	∼	10-5	
•  Determine	the	number	of	light	relic	parHcles,	Neff,	

to	σ(Neff)	<	0.03	
•  Measure	τ,	the	opHcal	depth	to	reionizaHon	to	

cosmic	variance	limits,	σ(τ)	=	0.002		
•  Along	with	BAO	observaHons,	measures	Σmν,	

the	sum	of	neutrino	masses,	or	sets	an	upper	
limit	of	15	meV		

•  Map	GalacHc	magneHc	fields	from	large	scales	to	
0.05	pc	in	nearby	molecular	clouds	

•  Map	1000s	of	protoclusters	and	clusters	via	the	SZ	
effect	

•  Map	the	CIB	and	dusty	infrared	galaxies	across	the	
full	sky	

1.2	m	Cross	Dragone	
•  Larger,	difficult	to	baffle	sidelobes	
•  f/2.5	or	greater	increases	focal	plane	size	and	mass	
•  Large	secondary	difficult	to	acHvely	cool	
•  Lower	opHcal	aberraHons		
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•  Mirrors	at	40K,	4K,	emissivity,	
•  AcHve	cooling	of	stop	and	secondary	
•  Stop	at	4K	
•  FDM/TDM	readout	system,	>	x100	mulHplexing	
•  Lens	coupled	broadband	mulHchroic	pixels	
•  Edge	taper	of	5,10,20	dB	
•  100	mK	bath	
•  Psat	=	2x	Pload	
•  4	year	mission	at	95	%	observing	efficiency	
•  Orbit	at	L2	
•  White	noise:	photon,	phonon,	readout,	Johnson	
•  Details.	.	.	.	

BeXer	resoluHon,	bigger	font.	Shado	
cone	matching	our	other	images.	

•  12,356	single	polarizaHon	TES	bolometers	
•  Lens	coupled	tri-chroic	pixels	
•  FDM	or	TDM	readout	,	>	100x	mulHplexing	factor	

•  White	noise	only	
•  Includes	photon	(dominates),	phonon,	readout,	

and	Johnson	noise	terms		
•  4	year	mission	at	95%	observing	efficiency	

•  Total	integrated	map	depth	of	0.63	µKCMB	arcmin	
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SensiHvity	

•  Three	color	pixels,	six	polarizaHon	sensiHve		
detectors	per	pixel	
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1.2	m	Cross	Dragone	
•  Larger,	difficult	to	baffle	

sidelobes	
•  f/2.5	or	greater	increases	

focal	plane	size	and	mass	
•  Large	secondary	difficult	to	

acHvely	cool	
•  Lower	opHcal	aberraHons		

0.5	m	Open	Dragone	
•  Lower	resoluHon	
•  Physically	smaller	focal	plane	

reduces	detector	count	
•  Smaller	system	reduces	costs	
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